We use nationally representative household-level panel survey data in two neighboring countries in Southern Africa-Zambia and Malawi-to characterize the current status of rural land rental market participation by smallholder farmers, and their subsequent welfare impacts. Rural rental market participation is much higher in densely-populated Malawi than in lower-density Zambia, reflecting the role of land scarcity in driving rental market development. Consistent with previous literature, we find evidence that rental markets contribute to efficiency gains within the smallholder sector by facilitating the transfer of land from less-able to more-able producers, on average, in both countries. Furthermore, we find that rental markets serve to re-allocate land from relatively land-rich to landpoor households. We examine the impacts of participation on a number of welfare outcomes and find evidence for generally positive returns to renting in land in both countries, on average. However, our analysis also indicates that the returns to renting in land vary strongly with scale of production: tenants who produce more have larger returns to renting in, and many of the smaller producers who rent in do so at an economic loss. The impacts of renting out (i.e., participating in markets as landlords) are decidedly more mixed, with overall negative returns to landlords in Malawi and negligible returns to landlords in Zambia. The findings in this article highlight the need for researchers and policymakers in sub-Saharan Africa to stay attuned to how land rental market participation and its impacts evolve in the near future.
Access to farmland in sub-Saharan Africa (SSA) is a key factor that determines whether or not rural households are poor, food insecure, and vulnerable to shocks. Although land rental and sales markets have typically not been regarded as features of traditional tenure systems, recent evidence suggests that land markets are far more widespread than commonly perceived (Holden, Otsuka, and Place 2009a) . This misperception makes understanding the factors affecting land market development and their impacts of considerable interest to both researchers and policy makers. Thus far, empirical focus has been placed on rental markets in SSA as they generally face lower developmental barriers than sales markets, and are consequently more prevalent within the region's smallholder production systems (Jin and Jayne 2013; Yamano et al. 2009; Otsuka 2007; Binswanger and Rosenzweig 1986) . 1 With these considerations in mind, this article uses nationally representative household-level panel data from two neighboring countries in Southern Africa-Malawi and Zambia-to make two main contributions to the literature on land rental markets in SSA. First, we directly measure rental market impacts on a broader range of income and welfare indicators than previous studies by including crop income, total household income, and poverty. Food security is an ongoing concern in both Malawi (Ellis and Manda 2012) and Zambia (Chapoto et al. 2011) ; relating household food security outcomes to emerging land rental markets is of great relevance for both land and social welfare policy. Second, we use quantile regression to query the distribution of land rental market impacts, going beyond the conditional mean estimates used in other studies. This enables us to estimate how renting land may benefit smallholders at different points of the crop income distribution.
Theory suggests three primary channels in which land rental markets may impact smallholders: equity, efficiency, and welfare (Holden, Otsuka, and Place 2009a) . The literature discusses equity gains in terms of equality, as the reallocation of land across households with different assets occurs in a way that land and non-land factor ratios tend to equilibrate. Efficiency gains are associated with net land transfers from less productive to more productive users. The literature often implies that welfare gains occur through rental markets by facilitating greater access to land for smallholders as the primary productive asset within their production system. Welfare is also derived through higher household incomes and food security associated with enhanced equity and efficiency outcomes from land rental markets.
Malawi and Zambia together represent a wide spectrum of relative land scarcity and market access conditions. While there is a growing body of empirical literature on land markets in SSA, little work has been done on these issues in Malawi, and to our knowledge no work has been done in Zambia. For Malawi, Lunduka, Holden, and Øygard (2009) examine the relationship between tenure security and rental market participation in a cross-sectional context. Lunduka (2009) examines the impact of tenure security on a range of farm investment outcomes, as well as on technical efficiency. However, the household-level effects of land rental participation have not yet been empirically explored in this setting. Our study aims to address this gap. Furthermore, the existing empirical studies that we are aware of have focused on rental markets in areas with high population density (e.g., Uganda, Malawi, Ethiopian highlands, and high density parts of Kenya). Little attention has been paid to the function and role of markets in (ostensibly) lower population density countries such as in Zambia, where land access may also be constrained (e.g., by competing land claims). More generally, no empirical studies have systematically investigated how both participation and impacts differ across a wide range of population density and market access conditions.
In addition to panel data, the present study uses geospatial data to control for contextual factors such as population density, which may affect household rental market participation, as well as characterize the impacts of rental markets on a range of welfare measures. This cross-country analytical approach offers rich insights and greater external validity for our results. We use panel estimation methods including the Mundlak-Chamberlain (MC) Device, and household fixed-effects (FE) to deal with potential endogeneity of land rental market participation in the welfare models of interest in this article. Data from each country is analyzed separately, but we evaluate results comparatively and draw conclusions on this basis.
The rest of this article is organized as follows. In the following section we describe the current state of land rental markets in Malawi and Zambia, along with the key features of their respective institutional and legal contexts. We then review the conceptual arguments for rental market impacts in smallholder systems, as well as the existent empirical support. In the next section we discuss a conceptual model, followed by our methodological approach. The following section discusses data, while the next section describes our estimation results. The last section contains conclusions and implications for policy.
Rental Markets and Their Contexts in Malawi and Zambia
Malawi and Zambia share similar environments in many important respects. Both countries are predominantly agricultural, and rural populations consist primarily of farm households. 2 The overwhelming majority of these households are smallholders, conventionally defined as farming 10 hectares or less. Even within the smallholder sector, median farm sizes are very small: 1.2 ha for Zambia, and 0.8 ha for Malawi. 3 The smallholder sector is characterized by low productivity, low levels of market engagement, and high poverty rates.
Both countries recognize two major land tenure regimes: customary (or traditional) tenure, and private (or leasehold). Customary lands are under the localized management of chiefs according to customary law. Specific terms of customary law vary across localities, but generally adhere to a model wherein usufruct rights to land resources within a chiefdom are allocated by the chief (or sometimes via their subordinate networks of headmen and indunas) to clan members. Familiar usufruct rights are generally heritable, but ultimately subject to possible reallocation by the chief.
Under leasehold tenure, land allocation is regulated by the market: titled lands may be bought and sold without restriction. In order to formally access customary lands through this mechanism, they must first be transferred from customary to leasehold status, as provided by the respective land acts in either country. 4 Although an increasing amount of customary land has been converted to leasehold tenure over the last decade, few people operate leasehold farms, and the vast majority of smallholders operate farms under customary tenure (Sitko, Chamberlin, and Hichaambwa 2014; Chirwa 2008) . 5 Within customary lands, the buying and selling of land has no legal basis, though it is frequently carried out clandestinely under the guise of traditional mechanisms for transferring permanent usufruct rights (Sitko 2010) . Meanwhile, renting of customary landholdings, while also legally ambiguous, is something that the chief may tacitly or explicitly endorse. Thus, land rentals are found both within formal and customary tenure systems, while sales are mostly confined to titled land. Evidence suggests that fixed cash rent contracts are the dominant contractual form when smallholders rent in and rent out land (Holden, Kaarhus, and Lunduka 2006, for Malawi) .
6 These contractual arrangements are usually undocumented.
It is important to note that both Malawi and Zambia have public land, which corresponds to land rights claimed by state entities. These lands include forest reserves, game parks, and other protected areas. Officially, public lands are not supposed to be used for agriculture, but in reality smallholders encroach upon these areas to increase their cultivated area.
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While Malawi and Zambia have many economic, cultural, and institutional similarities, one of the major structural differences between the two countries is the substantial contrast in population density. Official population density estimates in Malawi stand at 139 people/km 2 , while Zambia's official population density estimate is just 19.3 people/ km 2 . Table 1 indicates that land rental markets are much more developed in Malawi than in Zambia, in terms of smallholder participation rates. Differences in population density between the two countries is likely associated with increased demand for land, and subsequently underlie the greater development of land rental markets in Malawi compared to Zambia. Nonetheless, the table shows that rental market participation is growing in both countries over time. In Zambia the growth in land rental markets may be fueled by perceptions of land unavailability, which are widespread, but particularly strong in Zambia's higher population density 2 The population of Zambia is about 13 million; 61% reside in rural areas and earn their incomes primarily from agriculture. The population of Malawi is about 16 million; about 85% live in rural farm households.
3 Farm size distributions are also highly skewed within the smallholder sector. For example, in Zambia, 50% of smallholder households cultivate less than two hectares and about one-quarter have farms of one hectare or less. In Malawi, 55% of smallholder households cultivate less than one hectare. 4 The Zambia Land Act of 1995 established mechanisms for the conversion of customary land to leasehold statues. Malawi has no such formal mechanism, as the Land Act has yet to be passed. 5 About 10% of the land area under smallholdings in Zambia has now been converted to leasehold tenure. In Malawi, as of 2005, only 1.55% of all plots were in leasehold or were purchased with or without a title. 6 The nationally representative IHS3 dataset in Malawi indicates that in the 2008/09 and 2009/10 cropping seasons, 96% of all rental contracts were upfront cash rent. 7 We thank an anonymous reviewer for making this point.
areas (Sitko, Chamberlin, and Hichaambwa 2014) . Almost nobody both rents in and rents out land, indicating that tenants and landlords are two distinct groups of households. In summary, Malawi and Zambia constitute a two-country setting that is characterized by predominantly small farm sizes, high rates of poverty and food insecurity, and similar institutional environments in which customary tenure predominates. Rental markets are legally ambiguous in customary lands but are nonetheless on the rise, particularly within areas of high population density.
Literature Review
Understanding the drivers and welfare impacts of land rental markets in SSA is extremely important given the high population growth projections for the region, the perception of high and rising constraints to accessing land, as well as concerns about the unequal distributions of landholdings (Holden and Otsuka 2014) . A key result from previous theoretical assessments of rental markets is that they have the potential to improve farm efficiency by facilitating the equilibration of land and non-land factor ratios across farm households, when non-land factor markets are imperfect (Deininger 2003; Feder 1985) . 8 Such gains may be further enhanced by the inverse farm-size-productivity relationship, under which net transfers of land from landrich to land-poor households would contribute to overall efficiency gains, in addition to welfare improvements. However, there are several reasons why we might question the ability of land markets to deliver on these theoretical benefits.
First, in the presence of transactions costs, such efficiency gains may be limited (Skoufias 1995) . The general idea is that the presence of such costs drive a wedge between optimal and actual efficiency gains. 9 Empirical support for transactions costs in rental markets is particularly high in areas where land rights are tenuous or ambiguous, which is a frequently alleged characteristics of customary tenure systems in the region (Teklu and Lemi 2004; Tikabo, Holden, and Bergland 2008; Deininger, Ali, and Alemu 2009; Ghebru and Holden 2009; Yamano et al. 2009; Lunduku, Holden, and Øygard 2009; Holden and Bezabih 2009; Kassie and Holden 2009; Jin and Jayne 2013) .
Furthermore, under certain conditions (e.g., limited access to credit), land market participation may be systematically easier for wealthier, land-rich households (Deininger 
Conceptual Model
Following Bliss and Stern (1982) and Skoufias (1995) , we assume a household utility maximization model which asserts that land rental decisions (renting in, renting out, and autarky) are made in an effort to minimize the distance between a household's actual and desired farm size. Achieving desired farm size is an efficient outcome, but if there are transactions costs in the land rental market then the distance between actual and desired farm size will be different from zero. Desired farm size (and thus, rental market participation decisions) is conditioned by household endowments of non-tradable, nonland assets such as household farming ability, family labor, and other household characteristics. Therefore, the land rental decision for household i in village j is represented as follows:
where R ij is the amount of land rented in or out by the household. When R ij > 0, the household rents in land, when R ij < 0 the household rents out land, and when R ij ¼ 0 the household is autarkic. Actual pre-rental landholding is represented by A ij , and A Ã ij represents optimal (desired) farm size. Pre-rental farm size is defined as the amount of land that a household has ownership or cultivation rights to. This includes fallow land and all cultivated area by the household (excluding rented in land), plus rented out land. The coefficient estimate on d tells us the extent to which pre-rental landholding affects area rented in or area rented out. A coefficient of -1 for land rented in and þ1 for land rented out would indicate a fully efficient rental market, as households can adjust their operational land size to match their desired land size through rental markets (Skoufias 1995) .
Desired farm size, A Ã ij , is a function of several key factors, including household farming ability, represented by a. Cash constraints that the household faces at the time the rental market decision is made are denoted by C. Since most smallholder farm households in Malawi and Zambia do not produce enough maize to meet their own consumption needs, many must make a decision at planting time between purchasing inputs such as fertilizer and seed for the upcoming season, or purchasing food to meet immediate consumption needs as their own maize stocks dwindle and the next harvest is still several months away (Alwang and Segal 1999; Dorward 2006) . Therefore, we might expect cash-constrained households to rent out some land to less cash constrained households to earn some cash at planting time, even if that means forgoing future income at the next harvest on the rented out land.
The household's level of risk aversion is denoted by q in equation (1). In a fixed-rent contract, which constitutes the majority of rental arrangements in our study area, all of the production risk is transferred from the landlord to the tenant. In this situation, we might expect that tenants are less risk averse ceteris paribus than landlords, but that their expectations of the level of risk will factor into the price of the rental arrangement. Other household endowment factors such as labor availability and education level of the household head are denoted by H. Community-level conditioning variables that are exogenous to the household such as rainfall expectations and market access are denoted by V. The error term is represented by ij .
In this context, the household finds itself in one of three rental regimes: renting-in (R ij > 0), renting-out (R ij < 0), and autarky ðR ij ¼ 0Þ. This can be thought of as an ordinal response where the household picks one of the rental regimes (Jin and Jayne 2013) . The rental decision can also be conceptualized as a continuous response, where the household considers the decision to rent in or rent out an additional hectare of land based on the marginal returns to renting in (out) relative to the net costs of renting. The returns to renting are a function of the same household and community factors a, C, q; H, and V presented in equation (1), along with the direct rental income that accrues to landlords. The costs of renting include both rental costs that tenants incur, and the transactions costs associated with renting land.
Empirical Model and Identification Strategy
We operationalize the conceptual model in order to estimate land rental market impacts in three steps. First, we estimate a measure of a household's farming ability using a modified Cobb-Douglas functional form for household i, village j, and year t as follows :
where Q ijt is the real value of rainy season agricultural production, and A c ijt is the amount of cultivated land. Labor availability measured in adult equivalents in the household is denoted by L ijt , while X ijt is a vector of other inputs such as fertilizer use, V jt are villagelevel shifters, and T t are year-dummies.
The indicator of household farming ability is denoted by a i . Since farming ability is not observed directly, we obtain it as the time-invariant component when equation (2) is estimated via household-level fixed-effects (FE). This procedure follows several previous studies, and the coefficient estimate is easily recovered following FE estimation (Deininger and Mpuga 2009; Jin and Deininger 2009; Jin and Jayne 2013) . The other parameters to be estimated in equation (2) are represented by b 1À5 . The error term in equation (2) is represented by ijt .
The second estimation step takes the derived coefficient of abilityâ i from equation (2), and adds it as a covariate in the model of factors affecting land rental market participation as follows:
where R represents the household's land rental market decision of hectares rented in and hectares rented out, as in equation (1). The statistical significance ofd 1 tests the hypothesis of whether or not participation in land rental markets increases efficiency. Ifd 1 > 0 in the renting in equation, andd 1 < 0 in the renting out equation, it would indicate that land rental markets are transferring land from less efficient to more efficient farmers. Pre-rental landholding is again denoted by A, with d 2 as the corresponding coefficient. The statistical significance and sign ofd 2 tests the hypothesis of whether or not land rental markets promote land equity (equality) by transferring land from relatively landrich to relatively land-poor households. The parameter to be estimated on household labor L, measured in adult equivalents, is represented by d 3 . The statistical significance ofd 3 tests the hypothesis of whether or not land rental markets transfer land from relatively labor-rich to relatively labor-poor households.
Other variables in equation (3) include a set of household-level factors that may affect rental market participation. These factors are represented by Z, and include education of the household head in years, immigrant status of the household head, gender of the household head, value of livestock and durable assets, and whether or not there was an adult death in the household within the previous two years. These last three variables may be taken as observable proxies for risk aversion and cash constraints, consistent with our conceptual model in equation 1. It is our maintained assumption that these proxies do a reasonable job of capturing such unobserved heterogeneity; nonetheless, any remaining unobserved variation related to risk aversion and cash constraints may be a source of bias, and we therefore interpret our results with this caveat in mind. The corresponding parameter vector is represented by d 4 .
Community-level variables in equation (3) are again represented by V, with the corresponding parameter vector d 5 . These factors include population density, distance to paved road, whether land inheritance goes to daughters in the village (denoted as matrilineal inheritance), and past rainfall. Past rainfall is defined in equation (3) as the average cumulative rainfall over the previous five growing seasons. This serves as a proxy for the naïve expectation of rainfall in the coming year at the time the rental market decision is made. In addition, year dummies are also included in T, with parameter d 6 . The error term in equation (3) is represented by l ijt .
While we follow several other studies in interpretingâ i as a measure of farmer ability, it is important to acknowledge that this term also captures other time-invariant unobserved farm-level heterogeneity, such as soil quality and risk aversion. Furthermore, because we cannot exclude rented in land from the regression that generates this term, there is some concern about endogeneity arising from its inclusion in equation (3). Therefore, circumspection is urged in interpreting coefficient estimates. However, there are several reasons in favor of its inclusion in this analysis. With respect to the first issue, as noted by Jin and Jayne (2013) , since soil quality is likely to be lower on rented land than on owner-operated land, any associated bias on the coefficient ofâ i is likely to be downward. Thus, we are more likely to suffer from attenuation bias than overestimation of the impacts of ability on renting in or out land. Second, coefficient estimates for all the models in our study are robust to whether or not a i is included as a regressor. This suggests that even if inferences about farmer ability should be treated with caution, our other analytical results (and overall conclusions) are not affected by whether or not we include this term in the model. Equation (3) is estimated via tobit, where the dependent variables are the number of hectares rented in and the number of hectares rented out. Using a tobit estimator allows us to account for the corner solution nature of the land rental variable where many households do not rent in or out land but, for those who participate, the amount of land rented is relatively continuous. In an alternative specification, the rental decision in equation (3) is treated as a set of discrete outcomes, that is, binary participation indicators that are observed on three rental regimes (rent-out, autarkic, and rent-in) and estimated via ordered probit. Since results from both models are very similar, we focus on the tobit results in this article, but provide the ordered probit results in tables A1a and A1b of the supplementary online appendix. The Pvalues on the coefficients from the models presented in equation (3) are obtained via bootstrapping at 300 repetitions. Bootstrapping accounts for the two-step estimation process that uses the estimates from equation (2) to generateâ i .
The third part of our empirical procedure estimates a set of models to determine how land rental participation affects a set of production, income, and welfare indicators that include i) value of crop production, ii) net crop income, iii) net off-farm income, iv) net total household income, and v) the probability that a household is below the $1.25 per day poverty line. These indicators are represented by Y, and estimated as follows:
where land rental market participation is again represented by R, with corresponding parameter c 1 . The main specification of equation (4) is estimated when R is treated as a continuous decision of hectares rented in/out.
Results from the alternative specification where R is treated as a binary decision to rent in or rent out land are presented in tables A2a and A2b of the supplementary on line appendix. Other variables included in equation (4) represent many of the same covariates as in equation (3), with c 1À6 representing the parameters to be estimated. There are several differences between the covariates in equations (3) and (4). First, rainfall in equation (4) is measured as realized current season cumulative rainfall rather than average rainfall over the previous five seasons as it was in equation (3). Second, since equation (4) is estimated via household-level FE, the time-constant variables in equation (3) such as age and education of the household head drop out of the model. Third, lagged maize prices are also included in equation (3), but not in equation (4). The error term in equation (4) is represented by e ijt . Conceptually, our measure of ability,â i , could affect the outcomes measured in equation (4), and failure to include it could lead to endogeneity concerns due to omitted variable bias. Empirically this is not an issue because our estimation strategy employs household FE to control for potential endogeneity caused by time-constant unobservable heterogeneity in the models. Sinceâ i is also time-constant, it is removed from the models in equation (4), along with the unobserved heterogeneity through the de-meaning process when FE is used. Our identification strategy is discussed in greater detail in the following sub-section.
Identification Strategy
This study uses observational data, and given that households do not randomly choose to rent in and rent out land we must deal with potential endogeneity in order to identify consistent coefficient estimates in our models. The most likely source of endogeneity bias in this context is omitted variables. For example, households with better land, better management skills, more social connections, or lower levels of risk aversion may be more likely to participate in rental markets, and for the same reasons may also be more likely to experience higher welfare outcomes. If this is the case, then failure to control for these factors would likely lead to coefficients that overestimate the relationship between land rental participation and the welfare indicators of interest in this study.
Fortunately, we have panel data in both Malawi and Zambia that can help us overcome this concern. Furthermore, the unobservable factors that concern us, such as land quality, management skills, social-connections, and risk aversion, do not vary much over time within the household. Therefore, we can use panel estimators to remove these time-constant unobservables from the model and obtain consistent coefficient estimates of land rental market impacts.
Since the land rental market participation model in equation (3) is non-linear estimated via tobit, we employ the MundlakChamberlain (MC) device, following Mundlak (1978) and Chamberlain (1984) . The MC device employs household-level averages of all time-varying components of the model in order to control for unobserved time-constant heterogeneity, under the assumption that such heterogeneity is correlated with the time-averages (see Wooldridge 2010 for elaboration). In addition, the welfare models estimated in equation (4) are treated as linear so we use household-level FE estimation. The FE estimator removes the timeconstant unobservable factors that may bias the land rental coefficients from the model through the time-demeaning process.
Even after removing time-constant unobservable factors from our model, it is possible that land rental participation could be endogenous in the welfare model presented in equation (4) due to potential correlation with leftover unobservable time-varying shocks. We control for this possibility by including proxy variables for the major shocks that might affect smallholder households as observed covariates in our welfare models. These variables are (i) whether or not there was an adult death in the household over the past two years, and (ii) rainfall during the current growing season. We suggest that in the present context it is reasonable to assume that leftover unobserved time-varying shocks are uncorrelated with land rental market decisions, at least for the renting-in side of the market. Fortunately, we are able to test the robustness of our results with specifications that examine both sides of the rental market separately versus simultaneously. Nonetheless, no study that relies on observational data can claim decisively to have fully controlled for all unobservable factors. Thus, our statements about causality are made cautiously. We focus our analysis on the 1,375 households who were interviewed in all three surveys, and the 1,593 households who were interviewed in just the first and second surveys. This gives us a total sample size of 7,311 observations in the unbalanced panel used in the Malawi analysis. Of this total, removing households without any crop production results in a final sample of 6,904 households.
Data
Smallholder Spatial data on market access, population density, and climate were used in both countries. Market access is defined as estimated travel time to the nearest town of 50,000 or more inhabitants, based on a model using geospatial data on roads, town location and year 2000 populations, land cover, and slope. Data on rural population densities were obtained from the GRUMP database (Balk and Yetman 2004) . Rainfall data were obtained from the TAMSAT project (Maidment et al. 2014) . The data were brought into a common geographic information system (GIS) framework, where they were associated with georeferenced survey households at the village level.
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Dealing with Potential Attrition Bias Households leaving the survey for non-random reasons between waves can potentially cause attrition bias in our coefficient estimates, and must be addressed in this analysis. We deal with this issue in the following ways. First, we control for the time-constant unobservable factors that affect attrition using the MC device in the land rental market participation models, and household FE in the welfare models (Wooldridge 2010). Second, we test whether any remaining unobservable time-varying factor affecting attrition influences our results using inverse probability weights (IPW). The IPW technique involves three steps: (i) using probit to measure whether observable factors in one wave affect whether a household is re-interviewed in the next wave; (ii) obtaining the predicted probabilities (Pr it ) of being re-interviewed in the following wave; (iii) computing the IPW ¼ (1/ Pr it ) and applying it to all models estimated (for more information on IPW see Wooldridge 2010, and Baulch and Quisumbing 2011). Results from our basic specifications indicate that the coefficient estimates do not vary in any meaningful way when IPWs are included in the models and when they are not. This suggests that attrition bias should not be a major concern in this context, so our main results do not include IPWs but are estimated with sampling weights that are representative of the estimated populations of each country.
Results
Descriptive statistics for both countries are shown in table 2a for Malawi and table 2b for Zambia. Female-headed households are more likely to participate in rental markets as landlords than as tenants in both countries. This may indicate a lack of available labor for female headed households that occurs when their husbands die, or leave the home for other reasons. As would be expected, tenant households (i.e., those who rent in at least 10 This panel survey has three waves in total : 2001, 2004, and 2008 . In this study, we use data from the first and last waves only due to limited information collected on rental participation in the 2004 wave.
11 Other analysis was performed for Zambia using cross-sectional data on 8,716 households from the 2012 Rural Agricultural Livelihoods Survey. These results are largely consistent with the results presented here, but because cross-sectional data do not allow us to control for unobserved heterogeneity (as we can with panel data) we do not report these results here.
12 Landholding and land rented in and out are measured using farmer estimates of area in both Malawi and Zambia. Though this may lead to some measurement error compared to land estimates using GPS, if the measurement error is random, and is not misestimated by farmers for any systematic reason, then the farm size coefficient estimates will still be unbiased. The results from this study are generally consistent when the land rental variables are measured as binary indicators, compared to when they are measured as continuous variables. This lends robustness to the notion that measurement error is not biasing the results in our analysis.
some farmland) tend to have larger labor endowments (measured in adult equivalents) and smaller land endowments than landlord households in both countries. The tables also generally show that while landlords have larger pre-rental landholdings than other households, tenants have higher values of livestock and durable assets, higher off-farm incomes, and are more educated than landlords and autarkic households. This provides some prima facie evidence that tenants may have the financial resources to make the upfront cash payments to rent in land, and that tenants may also be better managers. Immigrants are much more likely to be tenants than non-immigrants, and they are less likely to be landlords than non-immigrants. This is what we would expect if rural migration is driven in part by the search for land. We also see evidence that land rental market activity is associated with higher rural population densities. Table 3a presents the Cobb-Douglas production function estimates for factors affecting the value of crop production in Malawi. The model is estimated via household FE. Results indicate that households with greater labor endowments, larger landholding, a higher value of livestock and durable assets, and those which apply more fertilizer per hectare have a significantly higher value of crop production, on average, than do other households. As discussed earlier, we use the time-constant error component from these results as a measure of farmer ability, which is then incorporated as a regressor in the models of rental market participation. Table 3b shows the Cobb-Douglass production function estimates for Zambia. Results are very similar to those for Malawi. Household adult equivalents, landholding, value of assets, and fertilizer application per hectare have a statistically significant and positive relationship with the value of crop production. As in the Malawi production function, we obtain a household-specific estimate of farming ability as the FE estimate from these results, which we use in the rental market participation models for Zambia described below. Table 4a presents the results for Malawi when we evaluate the determinants of rental market participation using a tobit estimator with the MC device. We show two specifications for the land-rented-in and land-rentedout models, respectively. The first specification (shown in columns 1 and 3) includes the generated regressorâ representing household farming "ability," with p-values based on 300 iterations of a bootstrap routine that includes both the production function as well as the market participation model. The second specification (shown in columns 2 and 4) omits the ability indicator in order to evaluate the robustness of other coefficient estimates to its inclusion.
The estimates derived in tables 4a and 4b follow previous literature to indirectly make inference about welfare implications of land rental markets through the household's participation decision. As such, the coefficient onâ, which is the regressor derived from the production 
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function estimated in table 3, indicates that farmers with greater farming ability are more likely to rent in more land (ordered probit results, which appear in the supplementary online appendix, show similar results). This likelihood supports the contention that rental markets enhance efficiency, as more talented farmers rent in land from less talented farmers. This finding is consistent with previous literature such as Deininger and Mpuga (2009) , Jin and Deininger (2009) , and Jin and Jayne (2013) . When we analyze the results from the landlord side of the market, we find that ability is not a significant determinant of how much land a household rents out, although the ordered probit results (shown in the supplementary on-line appendix) indicate that less able farmers are significantly more likely to participate in the market as landlords. On the whole, these results are consistent with the idea of a net transfer of land from less-efficient to more efficient producers. However, these findings differ from those in Jin and Jayne (2013) for Kenya, who find that more able farmers are more likely to participate in rental markets both as tenants and as landlords. In our view, the Malawi results are more consistent with a net transfer of land to more able producers. We also find evidence in table 4a that is consistent with the premise that land rental markets generate equity (equality): households with larger landholdings are more likely to rent out land but less likely to rent in land. This suggests that land rental markets transfer resources from relatively land-rich, to relatively land-poor households. In addition, households with more adult equivalents are significantly more likely to rent in land and significantly less likely to rent out land, indirectly indicating that rental markets transfer land from relatively labor-poor to relatively labor-rich households. These results are robust to specification choices that omit the generated regressor representing ability,â.
We also find some evidence in table 4a that asset constraints play a role in land rental decisions, as households with a lower value of assets are significantly more likely to rent out land. To the extent that households with fewer assets are more likely to face periodic liquidity constraints, this is consistent with the notion embedded in our conceptual model that cash-constrained households rent out some land in order to buy inputs at planting time, and/or to purchase food to meet consumption needs. It also appears that migrants are significantly more likely to rent in land and less likely to rent out land. This aligns with the descriptive statistics in table 2a
, and is what we would expect if rural migration is driven in part by the need to acquire farmland. Again, these results are robust to whether or not the ability measure is included. We also find evidence to suggest that households in areas of higher population density are more likely to rent in and rent out land, which is what we would expect ex ante. Table 4b presents results for factors affecting the extent of land rental market participation in Zambia, estimated via tobit with the MC device (ordered probit model results are also shown in the supplementary online appen dix). As in Malawi, Zambian households with greater farming ability are significantly more likely to rent in land, and significantly less likely to rent out land. This finding provides further indirect evidence that rental markets facilitate a net transfer of land from less able to more able households. Furthermore, households that have smaller landholdings are significantly more likely to rent in than are other households. This suggests that rental markets transfer land to relatively land-poor households. In addition, households with higher adult equivalents are significantly more likely to rent in land than other households. This indicates that land rental markets transfer land from labor-poor to labor-rich households in Zambia, just as in Malawi. Households with a higher value of assets are more likely to rent in land, probably because they have the resources to enter into up-front cash rental agreements with landlords. Finally, immigrant households in Zambia are more likely to rent in than local households.
Other coefficient estimates for the Zambian model are generally of the same sign and of similar magnitude as in Malawi, although fewer covariates are statistically significant. This may be the result of lower statistical power for the Zambia data, due to fewer market participants. Nonetheless, results for both countries are notably similar, suggesting that many of the same factors are at play.
Next, we directly estimate the relationship between land rental market participation and a number of welfare outcomes in Malawi, the results of which are presented in table 5a. For Note: All models are estimated using household fixed effects. Model includes year dummy (not shown). P-values, shown in parentheses, are robust to clustering at the community level: * p < 0.10, **p < 0.05, and ***p < 0.01.
Superscript a indicates that the model in column 5 is estimated as a Fixed Effects Linear Probability Model (FE LPM).
each outcome, we use continuous measures of the amount of land rented in or rented out, in hectares, as our right-hand side measures of rental market participation. For comparison, in the supplementary online appendix we also present results from alternative specifications of these models in which rental market participation is measured in terms of binary indicators (i.e., tenant¼1, landlord¼1); results are highly consistent across both specifications. The first model (column 1 of table 5a) estimates the factors affecting the gross value of crop production. 13 Results indicate that renting in land has a strong positive relationship with this measure, as renting in an additional hectare increases the value of crop production by $214, on average. Conversely, an extra hectare rented out is associated with a $111 decline in the value of crop production, on average. This is what we might expect, as renting out land means that the household has less land to cultivate.
Column 2 suggests that renting in land has a positive relationship with average crop income, net of rental costs, fertilizer costs, seed costs, and hired labor costs. However, the average increase in profits due to renting in one additional hectare, at $175, are about 82% of revenue. As expected, the returns to net crop income for landlords are negative.
Next, we examine the relationship between renting land and off-farm income to see if there is any evidence of crowding out (crowding in) of off-farm work from renting in (renting out) land, the results of which are presented in column 3. Coefficient estimates suggest that renting in and renting out land do not have statistically significant relationships with off-farm income in any of the specifications. It is perhaps concerning that while we find evidence indicating that landlords have a significantly lower value of crop production and net crop incomes than autarkic households (columns 1-2), column 3 provides no evidence to suggest that landlords are able to generate higher off-farm income with the money they earn from renting out land.
Column 4 of table 5a presents factors affecting net total household income, which includes all on-farm and off-farm income-generating activities during the year. Results suggest that renting in land has a positive and economically Note: All models are estimated using household fixed effects. Model includes year dummy (not shown). P-values, shown in parentheses, are robust to clustering at the community level: *p < 0.10, **p < 0.05, and ***p < 0.01 . Superscript a indicates that the model in column 5 is estimated as a Fixed Effects Linear Probability Model (FE LPM).
meaningful benefit on total household income. Although results are not strongly significant, the average return to total household income from an additional hectare rented in is $136, with a p-value of 0.127. Conversely, the relationship between total household income and renting out land is negative and statistically significant. While not definitive, this finding supports the notion in our conceptual model that landlords choose to forego some income later in the year for income at planting time. It could also be that landlords chose to reduce labor time spent on the farm or maximize some other outcome that we do not observe in the data. This could be particularly true for older or unwell household heads. The determinants of the probability of falling below the poverty line (defined as under $1.25 per person per day in purchasing power parity terms) are shown in column 5.
14 This is estimated as a linear probability model using the FE estimator. Results show that each additional hectare of land rented in is associated with an eight percentage point lower probability of being in poverty, on average. The association between renting out land and poverty is not statistically significant.
In summarizing the welfare results of table 5a, several observations stand out. First, the positive association between renting in land and household welfare are remarkably consistent across multiple indicators. This suggests that there are positive benefits to renting in land. Second, we generally find negative or insignificant relationships between renting out land and welfare. Third, these results are very consistent with the results of alternative specifications which use binary measures of market participation as the covariates of interest (shown in the sup plementary on-line appendix). This suggests that these findings are robust to alternative model specifications. Table 5b presents the factors affecting the same welfare outcomes in Zambia as presented in table 5a for Malawi. Coefficient estimates for factors affecting the gross value of crop production are presented in column 1. Results indicate that renting in land has a strong positive association with the value of crop production. An additional hectare rented in provides the household with an extra $144, on average. Renting out land has a small negative but statistically insignificant relationship with the value of crop production. In terms of net crop income (column 2), the benefit of renting in an additional hectare of land is positive but much smaller than for gross income, reflecting the importance of input costs in overall profits. 15 The estimate of renting out land on net crop income is negative but not statistically significant.
As in the Malawi case, here we also examine the relationship between renting in and renting out land and net off-farm income to see if there is any crowding out or crowding in of off-farm work as a result of rental market participation (column 3). Our results suggest that renting (either in or out) does not have any significant relationship with offfarm income. In terms of total household income and the probability of the household being below the $1.25 per day poverty line, there is no statistically significant association for either renting in or renting out land.
Overall, the welfare benefits from land rental markets in Zambia are generally consistent with those of Malawi, lending support to our overall findings. The benefits are smaller in Zambia than in Malawi, which is possibly due to the less mature state of land rental market development in Zambia. As with the Malawi case, the results in Zambia are robust to alternative model specifications that use binary indicators for tenancy and landlord status rather than continuous measures (results are presented in the supplementary on line appendix).
Distributional Benefits of Land Rental Markets
While the econometric results suggest a generally positive relationship between renting in land and welfare, and a negative or insignificant relationship for those who rent out land, it is worth pushing the analysis further by estimating the magnitude of these benefits and losses across the distribution of smallholder households in our sample. We focus the subsequent analysis and discussion on Malawi, where the magnitude of the coefficient estimates is clearly larger than in Zambia. Table 6 shows the distribution of rental rates as a share of the value of crop production per hectare in Malawi. At the median, rental rates are equal to 18% of the value of production for tenants, while the share is slightly higher at 23% for the entire sample, as we would expect. However at the 75th percentile, almost 40% of the value of production on rented in land is consumed by rental costs. This indicates that land renting is expensive relative to revenue. Furthermore, when other costs such as seed, fertilizer, and hired labor are considered, it may be difficult for many smallholders to generate significant income gains through renting in land.
To further examine the distributional welfare gains and/or losses from rental market participation, we estimate the net crop income model (originally presented in column 2 of table 5a) for Malawi using quantile regression with the MC device.
16 Results presented in table 7 suggest that the returns to renting in land are concentrated at the top end of the crop income distribution. At the bottom decile, renting in land actually has a negative relationship with net crop income (with a loss of $34 associated with each additional hectare rented in). The benefits of renting in land only become positive and statistically significant at the median, with the median household earning an extra $40 from each additional hectare rented in. This compares to a mean return of $175 as shown in column 6. The fact that the mean is so much higher than the median (approaching the 75 th percentile of the distribution) suggests that the benefits from renting in land may be skewed to a relatively small group of people at the top of the distribution, or that more than half of the tenants are not earning much of a return from their rental investment. There are several possible ways to interpret this. First, positive net returns to renting in may depend on capital resources that are more available to larger producers (e.g., households who have larger budgets for fertilizer and other purchased inputs). Second, smallholder agriculture is notoriously risky and maize production in these systems has a substantial stochastic component. Better capitalized households may be able to reduce stochastic risk through technology adoption (e.g., irrigation, drought resistant seed varieties), better management practices, crop diversification, etc., and thus obtain higher average returns to renting in land in risky production environments. Third, the heterogeneous returns across the crop income distribution also demonstrate the risks associated with entering into a rental arrangement as a tenant. Since all risk is transferred from the landlord to the tenant in the upfront fixed rental arrangements that are prevalent in this context, tenants must have a sufficient level of risk tolerance, in addition to having the capital resources required for renting in land.
It appears that on the landlord side of the market, most of the crop income losses occur to people in the upper end of the net crop income distribution, as the mean loss is above the loss at the 90 th percentile. This may mean that the crop production losses from renting out land are skewed towards a few households that lose a great deal. Investigating the determinants of why this occurs could be the subject of future research.
Taken together, these findings provide evidence suggesting that while land rental markets may produce welfare gains on average, when we consider the cost of participating in land rental markets and look at the benefits across the distribution of smallholders, the results are not uniformly positive. Given the quantile regression results in table 7, it seems that returns to renting in land are mainly going to top producers who likely have an easier time accessing land rental markets in the first place. This is especially the case when the costs of renting land are high and rising as evidenced by land rental prices in table 2, and when land rental costs constitute a substantial share of revenue, as shown in table 6. In addition, the predominance of up-front cash rental arrangements in Malawi likely makes it difficult for limited-resource farmers to obtain the cash to even enter into these markets.
Conclusions
The objectives of this study are to determine the factors that influence smallholder African households' decisions to participate in rural land rental markets, as well as their subsequent relationship between rental market participation and household welfare. The analysis is conducted in the neighboring southern African countries of Malawi and Zambia. These countries have many institutional, economic, and cultural similarities but very different rural population densities, and together represent a broad spectrum of land scarcity conditions. Our study indicates that while there are very different levels of rental market participation in the two countries, rental markets in both countries are performing similarly in many respects.
The main results of the study are as follows. First, land rental market participation rates are still relatively low within the two countries, although there is considerable variation across geographic space within and between them. Rental market participation is higher in Malawi than in Zambia. This is as we would expect, given the much higher rural population densities and implied levels of farmland scarcity in Malawi than in Zambia. This is further supported by the coefficient estimate for rural population density in the rental market participation model for Malawi. However, land rental market participation rates have been increasing in both countries over time.
Results also indicate that in both Malawi and Zambia more people participate in land rental markets as tenants than as landlords. This is consistent with other empirical studies within the region (e.g., the studies in Holden et al. 2009; and Jin and Jayne 2013) . These results suggest that either land is entering the system from outside the smallholder sector, or that there is a systematic bias against disclosing renting out, or both. More research is needed to inform this issue. If the reason is the former, where is such land coming from? It could be that many landlords are urbanbased, and thus are not sampled in our survey (Deininger and Jin 2008) . To the extent that renting-out is systematically under-observed in our sample, results pertaining to the determinants and benefits of renting-out land should be taken with caution. However, we tested specifications of the welfare models that excluded the variable for landlord participation, and results were highly consistent. This indicates that including landlord participation is not a problematic factor for the Table 5a .
overall interpretation of rental market impacts on tenants. The suggestion that landlords in our sample seem to experience a net loss in income from renting out land requires some careful interpretation. Recall that our conceptual model posits that short-term cash constraints and risk aversion may encourage participation as landlords even if observable net economic benefits for the season are negative. We find some support for this notion in the coefficient estimates on the value of household assets (for Malawi, they are negative and statistically significant in one of the renting-out models, while in Zambia they are positive and statistically significant for the renting-in models). Subsequent empirical work may seek to clarify this further, possibly through more direct measures of risk aversion and time-specific cash constraints. It could be that landlords in our sample prefer lower and safer incomes to higher and riskier incomes. 17 As it stands, our results on limited (or negative) benefits from renting out land suggest that conclusions about equity gains from rental market transfers obtained indirectly through estimating market participation models as has been done in previous studies should be nuanced. For example, if rental markets transfer land away from households with relatively more land, but which are less wealthy by most other metrics-such as value of assets, level of education, labor availability, and off-farm income-then clearly "equity gains" merit further unpacking.
Overall, our main results are very similar in both Malawi and Zambia, suggesting that our findings are robust to alternative datasets and are valid across a wide range of conditions. Furthermore, our two-country setup offers some unique insights. While the overall benefit channels of renting in land appear similar (i.e., in terms of efficiency, equity, and welfare outcomes), the magnitudes of these benefits appear to vary across countries in a way that suggests that welfare benefits may be increasing in rental market maturity. More specifically, the larger average magnitude of income benefits of tenancy in Malawi, relative to the benefits in Zambia where markets are less developed, may reflect differing levels of market distortions, which may attenuate welfare impacts. If this is the case, we would expect average welfare benefits for tenants to increase in both countries as rental markets continue to mature. For example, the finding of no meaningful relationship between renting in land and poverty in Zambia is consistent with recent findings from Jin and Jayne (2013) in Kenya. However, the fact that we find significant poverty reduction effects from renting in land in Malawi suggests that in areas of high population density renting-in land may be a pathway to reducing poverty for tenants.
The results from our study lead to several important policy recommendations. First, to the extent that rental markets bring positive net benefits, policy decisions that may encourage rental market development should be sought. These might include efforts to clarify rental rights as a subset of usufruct rights within customary tenure systems, and measures to strengthen tenure security (perhaps especially for vulnerable groups, including female-headed households). Policies that promote lower costs of information sharing and contract enforcement could also encourage rental market development.
Furthermore, because the net financial returns to tenancy are linked with net returns to production, improvements in total factor productivity (which may take the form of lower production costs for a given level of output, or higher output for a given level of input costs) will likely influence rental market participation into the future. Thus, productivity investments may provide an important stimulus for rental market development.
However, quantile regression results from this study indicate that there are differing returns to farmers with different levels of production. This suggests that targeting such investments will be important. For example, if wealthier farmers who are larger producers disproportionately benefit from policies that are meant to enhance productivity, such as input subsidies, then inequalities in the distribution of rental benefits could be exacerbated.
Relatively rapid growth in rental market participation rates in Malawi and Zambia in recent years underscores the timeliness of paying attention to rental market development within the region. While the findings from this study indicate important positive gains from rental markets on efficiency, equity, and household welfare outcomes, it is 17 Our finding of negative returns to landlords contrasts with Holden and Ghebru (2013) , who find that landlords in Ethiopia benefit from renting out and increase their consumption levels. Their study context, however, is characterized by sharecropping as the predominant rental mode, under which production risk is shared between tenant and landlord.
important to acknowledge that the region's smallholder farm economies-and the contexts in which they operate-are evolving over time. Therefore, researchers and policymakers must stay attuned to how land rental market participation and its impacts evolve in response to changing conditions. This may be particularly true in the context of rising rural population densities, as well as increasing land acquisition by large-and medium-scale investors, both of which may exacerbate land scarcity within sub-Saharan Africa's smallholder populations.
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